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Roles of quark degrees of freedom in deuteron

The deuteron is a well-studied system
by hadronic degrees of freedom

If we find that the deuteron is not simple bound system of a proton
and a neutron (namely if we find an exotic quark signature), it is
an important discovery and it could open a new field of spin physics

(and possibly a new topic of nuclear physics), which is very different
from current nucleon-spin physics.

Tensor structure of the deuteron = old topic (in terms of nucleon d.o.f.)
but it is a good probe of new hadron phenomena in quark-gluon d.o.f.

old




Situation

e Spin structure of the spin-1/2 nucleon
Nucleon spin puzzle: This issue is not solved yet,

but it is rather well studied theoretically and experimentally.

e Spin-1 hadrons (e.g. deuteron)
There are some theoretical studies especially on tensor structure
in electron-deuteron deep inelastic scattering.

— HERMES experimental results — JLab experiment

No experimental measurement has been done for
hadron (p, &, ...) - polarized deuteron processes.

— Fermilab



Personal studies on tensor structure of the deuteron

Motived by the following works.

* Sum rule for b,
F. E. Close and SK, Phys. Rev. D42 (1990) 2377. s lcocpigd affegidanchay(CIR0)

e Polarized proton-deuteron Drell-Yan: General formalism ,

: Polarized deuteron acceleration at RHIC:
M. Hino and SK, Phys. Rev. D59 (1999) 094026. E.D. Courant. Reprt BNL-65606 (1998)

e Polarized proton-deuteron Drell-Yan: Parton model
M. Hino and SK, Phys. Rev. D60 (1999) 054018.

* Extraction of Au/Ad and A/ AT(_l from polarized pd Drell-Yan
SK and M. Miyama, Phys. Lett. B497 (2000) 149. I

X PI'Oj ec tiOnS to bl R b4 fl' om W,uv HERMES measurement on b, (2005)

T.-Y. Kimura and SK, Phys. Rev. D 78 (2008) 117505.
e Tensor-polarized distributions from HERMES data

SK, Phys. Rev. D82 (2010) 017501. Future possibilities
at JLab, Fermilab, J-PARC,

e Tensor-polarization asymmetry in pd Drell-Yan | RHIC,ILC, ...

SK and Qin-Tao Song, Phys. Rev. D94 (2016) 054022.
e Convolution calculation for b,

to be submitted for publication JLab PAC-38 proposal, PR12-11-110,
J.-P. Chen et al. (2011) — approved!

JLab experiment ~2019, Fermilab pd Drell-Yan?, EIC? | Fermilab-E1039, under consideration.
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Electron scattering from a spin-1 hadron

P. Hoodbhoy, R. L. Jaffe, and A. Manohar, NP B312 (1989) 571.
[ L. L. Frankfurt and M. 1. Strikman, NP A405 (1983) 557. ]
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Constraint on valence-tensor polarization (sum rule)

qg—0
—

[ dx 7;;
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Intuitive derivation without calculation:
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Similarity to the Gottfried sum rule TRl R s Fa e R
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30% is missing! = u<d ?

As the Gottfried-sum-rule violation indicated # < d,
_[ [F Y(x)—F)'(x )] S + dx [u(x S d (x ):I the b, -sum-rule violation suggests

a finite tensor polarization for antiquarks (6,u # 0).
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A. Airapetian et al. ( HERMES), PRL 95 (2005) 242001.
HERMES results on b, =S
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Standard convolution approach
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Results on b,: used PDF dependence
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Comparison with HERMES measurements

0.004-
| MSTW2008
0.003| R1998 P ¢ HERMES
0.002,: CD-Bonn-2001 - AN
] o
0.001 +
xb, o
-0.001 -
| + ----- 02=1.0 GeV?
-0.002- 02=2.5 GeV
0.002 | S ETPETEY 02=5.0 GeV2
-00003 7 i i i [ i i i [ i i i [ i i i [ i i i [ i i i [ i i i
0 02 04 06 08 1 12 14

|b1 (thEOI’Y)| < |b1 (HERMES)| Standard convolution model does not
work for the deuteron tensor structure!?




Summary I .
Nucleon spin Nucleon spin crisis!?

Na odel Sea-quarks and gluons?  Orbital angular momenta ?

194 ) We have shown in this work
old” standard model that the standard deuteron model

Tensor structure | goes not work!?

— new hadron physics?!

Tense 1sis!?

: blexperiment
standard model b,#( #£h, Standard model”




Recent work: Pion, Hidden-color, Six-quark

G.A. Miller,

PRC 89 (2014) 045203.
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JLab PAC-38 (Aug. 22-26,2011) proposal, PR12-11-110

The Deuteron Tensor Structure Function b;
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Experimental possibilities  E1039 experiment  gIC @arXiv:1212.1701)

Approved
experiment!
(2019~)

Electron lon C
The Next QCD
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Experimental possibility at Fermilab

Polarized fixed-target experiments
at the Main Injector

© Fermilab
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Tensor-polarized PDFs with errors

/

still large errors,
need experimental improvement

— JLab, EIC, ...

experimental measurement
for antiquark distributions
— Fermilab, ...
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Tensor-polarized spin asymmetry

A

b Zaej [qa (xA)aTqa (xB ) +q, (xA)aTqa (xB):I

0.02

0.01—:

E,=120 GeV >
| 02>2.5GeV? <
-0.04 ! T T T T T T T T T T T T T T T T T T T T T T T T T
01 02 03 04 05
X,

DA ACAIACAET ACRIAEN]

P -

Tensor PDF set-2
Tensor PDF set-1

-0.01{
-0.02-

-0.03

p+ d Drell-Yan

=

—

—_——

-
-~
- o

0.02

0.01—:

-0.01{
-0.02-
-0.03-

-0.04

Tensor PDF set-2
Tensor PDF set-1

NG

p+ d Drell-Yan
E, =120 GeV
Mﬂzu =0?=30 GeV?

04 0

5

0.6

S. Kumano and Qin-Tao Song,
Phys. Rev. D94 (2016) 054022.



Electron-ion collider

Electron lon Collider:
The Next QCD Frontier

Understanding the glue
that binds us all

SECOND EDITION
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Small-x physics of b, at EIC

0.02
Tensor PDF set-2
001 A~/ =, ===== Tensor PDF set-1
0.005
x0,q C : A, ofesmmmzaaN
11Kl ermilab 0 TG
xO0 f h AT Ml .. TR,
T iy . i y
q \ i e -0.02
, p+c7 Drell-Yan
\ (] 003] E,=120 GeV 0.
0%>2.5 GeV? ~—
5 b ' -0.04 ‘ ‘ ‘ ‘ ‘
1 0 01 02 03 04 05
-0.005 | X0r4q, '
02=2.5 GeV?2 i X,
= = = - without tensgr-polarized antiquark (set 1) g
' 4
T Wwith tensor{polarized antiquark (set 2) JL ab
'0.01 T T
0.001 001 0.1 1
X
001 ——
7y — RS ® Hemes
0008 —- 2l Milier (ose plon exchange)
103}  Current polarized DIS data: - A — —— Kumano (0o & qar)
0CERN ADESY oJLab OSLAC 0.005 - \ Kumano (& qbar contridates)
) I \ B peojected HMS
— Current polarized BNL-RHIC pp data: 0.004 \ A projected SHMS
N> @ PHENIXT® ASTAR 1-jet 0002 - .
O 10%t -
-
<] -
o 0002
O 0004 -
10 oooe——
0008 |-
P TP NP RPN RPN RPUNN BPUNN BAPUNN AP A
; V0,01 02 03 04 05 05 07 08 05 1
E X




Summary

Spin-1 structure functions of the deuteron
* new spin structure
e tensor structure in quark-gluon degrees of freedom
* new exotic signature in hadron-nuclear physics?
e experiments: Jlab (approved), Fermilab, ... , EIC, ILC, ...

 EIC — appropriate to study tensor-polarized
antiquark distributions at small-x, Q? evolution of b,

€ new exotic
* mechanism?

standard model



The End
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